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ABSTRACT
The first two essays in this dissertation deal with the 
empirical examination of growth, specifically with the 
reexamination of convergence. The first essay introduces the 
issue and provides the preliminary results. Most of the 
empirical studies on the determinants of economic growth use 
cross-country analysis, employing long-term averages of 
relevant variables on each country. In these studies a 
negative relationship between average growth rates and 
initial incomes is interpreted as an indication of 
convergence in cross-country incomes and therefore, 
presented as evidence in support of neoclassical growth 
models. Such an analysis, however, ignores dynamic
information that can explain part of the variation in growth 
rates. Furthermore, Quah [1993a] and Evans [1996] show that 
inferences from cross-country regressions regarding 
convergence are misleading. An alternative approach, based 
on unit root tests in panel data, suggests that income
differences are persistent even after allowing for country 
specific differences.
The second essay modifies the hypothesis to test the
implications of endogenous growth models. Stability tests 
indicate that performance of developing countries has
worsened in the post-1973 period. The results indicate an
vii
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unambiguous convergence only within OECD. This essay also 
illustrates that using log income differences rather than 
levels shifts the distribution toward convergence.
The dissertation is completed by a third essay that 
examines the PPP, UCIP and constancy of real rates of return 
across a large number of countries using the methodology 
introduced in the first essay. Findings support all these 
parities, indicating the failure of earlier studies to 
confirm these hypotheses is likely the result of low power 
of standard unit root and cointegration tests.
Vlll




This dissertation consists of three essays. The first 
two essays deal with growth, specifically with the issue of 
convergence. The focus of the last essay is the purchasing 
power parity and the uncovered interest rate parity (PPP and 
UCIP, henceforth) as long term relationships. These topics 
have attracted a great deal of attention in growth and 
international finance literature, respectively. Accordingly, 
an empirical literature exploring the validity of relevant 
theories has developed. In this dissertation, these 
hypotheses are reexamined by utilizing the recent techniques 
from the dynamic panel data literature. Specifically, tests 
based on Levin and Lin [1992] panel unit root procedures are 
used in evaluating the performance of relevant hypotheses 
against the real world data.
Although formal definitions of convergence might vary, 
they generally imply a tendency of poor countries to grow 
faster than rich ones and eventual narrowing of per capita 
incomes across countries. There are three major reasons that 
one might expect such a tendency^. First, according to the 
So low model, economies converge to their balanced growth 
paths where each aggregate variable of the model grows at a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
constant rate. Hence, to the extent that differences are 
from economies being at different points relative to their 
balanced growth paths one would expect income disparities to 
vanish over time. Second, since the Solow model implies 
decreasing returns to capital, there are incentives for 
capital to move from rich countries where marginal product 
of capital (MPK) is low to poor countries where it is high, 
implying convergence in the rate of return on capital and 
incomes. Finally, lags in the diffusion of technology might 
create temporary income differences, as some of the 
countries are yet to employ the current state of the art 
technology. However, such differences would tend to dampen 
as poor countries gain access to the best available 
technology. In short, given the features of the neoclassical 
growth model one must either perceive income discrepancies 
as transitory or must assume dramatic differences in 
microeconomic characteristics, such as production functions 
or prefences^.
However, observed failure of income disparities to
shrink across countries and failure of poorer countries to
grow faster than rich ones have raised doubts on the
predictions of the neoclassical model and stimulated
theoretical research in new growth models. Starting with 
Romer [1986] and Lucas [1988] new growth theories have 
illustrated that observed persistence of income disparities
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Ccin be generated by non-decreasing returns to scale to a 
broad definition of capital. Parallel to the renewed 
research in growth theories, an empirical literature 
focusing on convergence has unfolded. While findings of 
convergence have generally been conceived as support for 
neoclassical growth models, lack of convergence has been 
viewed as supportive of new endogenous growth models. "The 
controversy has given rise to the concept of 'conditional 
convergence', meaning convergence after differences in 
steady states across countries have been controlled for."^
A large body of empirical work on growth and
convergence has used cross-section techniques, utilizing 
long-term averages of relevant variables. A negative
relationship between initial incomes and average growth 
rates in these studies is interpreted as evidence of 
convergence and support for neoclassical growth models. 
However, Quah [1993a] , Evans [1996] and Lee, Pesaran and
Smith [1995], among others, illustrate that evidence of
convergence based on cross-section regressions is 
misleading.
Developments in standard time series techniques such as 
cointegration, provided researchers with additional tools to 
study convergence. These studies usually define convergence 
as temporary deviations of incomes from identical long-term 
trends. These techniques have the advantage over the cross-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
section methodology in using dynamic data to explain a 
dynamic process. However, since the growth models look at 
long-term effects, one might fear that results from these 
techniques would be affected by fluctuations in incomes due 
to business cycles. Using low frequency, high signal-to- 
noise ratio, data can help to overcome this difficulty. But, 
given the limited availability of international data, joint 
tests for convergence using cointegration techniques can 
only be performed for a small number of economies. 
Additionally, standard time series techniques suffer from 
the property of low power unless time dimension of the data 
is quite long.
It is exactly these kinds of situations where pooling 
data across countries can provide substantial improvement in 
power over the standard time series techniques. Using this 
framework and data from Summers and Heston, 1995 World 
Tables, the convergence hypothesis is tested by 
investigating the unit root properties of income 
differences. Findings presented in Chapter 2 suggest that 
income differences appear to be persistent for three 
different samples even after allowing for country specific 
effects.
In Chapter 3, the null hypothesis of no convergence is 
modified, to test the implications of endogenous growth 
models. Specifically, these models predict that not only per
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
capita incomes fail to converge but differences in 
government policies, preferences, institutions and 
technology generate differences in income and growth 
trends^. Accordingly, distribution of the tests with non­
zero drifts for inference are generated. Findings suggest 
unambiguous convergence only within the OECD sample. Tests 
for the sensitivity of results to the sample period reveals 
that developing countries have performed worse in the post- 
1973 period. Finally, it is illustrated that the use of log- 
income differences, rather than levels, biases the results 
toward convergence.
Chapter 4 investigates several important parities in 
international finance, including PPP and UCIP. PPP derives 
from the law of one price and asserts that changes in 
exchange rate are determined by changes in relative prices. 
A number of early studies of PPP reported significant 
violations of the parity. The failure of PPP to hold as an 
exact relationship, among others, has been attributed to 
differences in tastes and technology, transportation costs, 
government imposed barriers to trade, existence of non­
traded goods and services and unavailability of directly 
comparable price indices between countries.
Like PPP, numerous studies provide evidence against 
UCIP, which states that the domestic and foreign interest 
rate differential is equal to the expected change in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
spot rate. Tests for UCIP are generally conducted under the 
assumption of covered interest parity (CIP, henceforth) and 
rational expectations. Explanations that have been offered 
for the empirical rejection of UCIP have varied from 
irrationality of expectations, simultaneity bias, to failure 
to account the time series properties of variables involved. 
Although most economists would be skeptical of these 
parities holding in the short run, only few would deny them, 
despite the empirical rejection, in the long run. In a time 
series framework, PPP and UCIP can be redefined as 
transitory deviations from the long run or steady state 
equilibrium conditions or the existence of cointegrating 
relationships between the relevant variables. Hence, with 
this definition these parities might actually never be 
satisfied in the short run but there would be tendency 
toward them. Nevertheless, prices and interest rates would 
never diverge substantially in the long run.
Given the limited experience with the current exchange 
rate system, one problem with the standard cointegration and 
error correction techniques would be the absence of a long 
span of low frequency data to study these parities in a 
multi-dimensional vector autoregressive framework. Another 
potential difficulty mentioned earlier would be the low 
power property of the standard time series techniques with 
relatively short span of data. However, pooling data and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
investigating the unit root properties of the variables
implied by these parities enable us to test the validity of 
these hypotheses directly as long run equilibrium
conditions.
This procedure is applied to both PPP, UCIP and to the 
relative purchasing power parity (RPPP, henceforth).
Additionally, an equilibrium condition that involves both
PPP and UCIP (PPP-UCIP), and the constancy of international
real rate of return (CRRR) are tested across a relatively
large number of countries. The findings support that
although adjustment may be slow, these equilibrium
conditions hold in the long run.
1.2. Endnotes 
 ̂ See Romer [1996, p: 27]
 ̂Bernard and Durlauf [1996a, 1996b]
 ̂ Islam [1995, p: 1127]
Evans and Karras [1996a, b]
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CHAPTER 2
A TEST OF THE CONVERGENCE HYPOTHESIS WITH PANEL 
DATA: PERSISTENCE IN INTERNATIONAL INCOME
DISPARITIES I
2.1. Introduction
Neoclassical growth models suggest that countries with 
a similar physical environment and access to the same 
technology should not exhibit wide and persistent
disparities in growth rates, and income level of all 
countries would tend to converge over time. In other words, 
given a sufficiently long time period, the income level of a 
country would be independent of its starting value.
Convergence in per capita incomes without controlling for
the differences in the physical and institutional 
environments has been known as absolute or unconditional 
convergence. The empirical evidence for lack of absolute
convergence has been less controversial since disparities in 
growth rates and income levels partly reflect different 
levels of saving and investment rates as well as government 
policies. However, evidence on convergence after including 
several control variables such as physical and human 
capital, known as conditional convergence, has been far more 
controversial.
8
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Most empirical studies on the determinants of economic 
growth use cross sectional analysis across countries, 
employing long-term averages of relevant variables on each 
country. In these analyses, a negative relationship between 
average growth rates and initial incomes is interpreted as 
evidence for convergence of cross-country incomes and, 
therefore, provides evidence in support of neoclassical 
growth models. In contrast to more recent endogenous growth 
models, which assume non-decreasing returns to the set of 
reproducible factors, diminishing returns is the underlying 
assumption in neoclassical models. Hence, a negative
correlation between initial income levels and average growth 
rates at first glance seems to indicate that initially 
richer countries slow down while poorer countries catch up.
In this chapter, a test of the convergence hypothesis, 
using new techniques from the recent panel data literature, 
is constructed. Specifically, the time series properties of
data from a large panel of countries are analyzed
simultaneously, testing for the existence of unit roots. In 
particular, tests for stationarity of income differences 
between a benchmark country and all other countries are
performed. If income differences were stationary, this would 
be evidence for unconditional convergence. On the other 
hand, if income differences, net of country specific
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
differences, were stationary, this would be evidence in 
favor of conditional convergence.
The rest of Chapter 2 is organized as follows. Section 
2 gives a brief review of the empirical literature on 
convergence. Section 3 discusses the panel unit root 
procedures and their application for testing the convergence 
hypothesis. Section 4 describes the data; section 5 
discusses the empirical results, and section 6 concludes. 
The countries that are included in the sample, and the
summary results for the choice of lag length are provided in 
sections 7 and 8, respectively.
2.2 Literature Review
Two recent papers, Mankiw, Romer and Weil [1992](M-R-W) 
and Islam [1995] , study convergence, taking the Solow 
version of neoclassical model as the basic framework. The 
cross-country methodology in M-R-W is typical of many
studies on growth and convergence, explained in section (1). 
The key equation in M-R-W for testing convergence is given
by (see equation (16) in M-R-W)
ln(y( t)) - 0)) = (1- )■ sj+d-e'^ ) ^ \n( sh )(2 .1) 1-a-p l-a-p
 ̂ 6 \n(y(0)),1 -oc-p
where y(t) is the income per effective worker at time t; n 
is the growth rate of working age population; g is the rate
10
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of technological progress; 5 is the rate of depreciation; a 
and P are the output elasticities of physical and human 
capital; Sic and Sh are investment rates in physical and human 
capital. Finally, the speed of convergence term, X, is
A.= (n+g+5) (1-a-P) .
Equation (2.1) suggests a regression of the scaled 
growth rate on initial income and the control variables, n. 
Sic and Sh- M-R-W estimate this equation, using log 
differences of GDP per working age person between 1960 and 
1985 and the respective averages of other variables over 
1960-1985. Estimations are performed with a constant and 
initial income, without human capital, and with human 
capital for three different samples. The largest sample 
consists of all but the oil producing countries, for which 
data are available (NONOIL). The second sample excludes 
countries with low population (less than one million for 
1960) and with low quality data (INTER) . Finally, the third 
sample contains the OECD countries. M-R-W's findings support 
conditional convergence for all three samples and 
unconditional convergence for the OECD countries. Thus, the 
general conclusion of the M-R-W article is that the 
predictions of the Solow model regarding convergence are 
correct once the differences in the levels of human capital 
as well as of physical capital are accounted for. The single
11
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cross-section regression analysis in M-R-W is typical in 
many studies. However, conclusions regarding convergence 
from such analysis are subject to following criticisms.
First, Quah and Rauch [1990] indicate that the 
averaging of growth rates suppresses dynamic information 
that can explain part of the variation in growth rates. They 
explain that viewing the time-averaged growth regressions as 
explaining the changes in the underlying steady-state growth 
rates, growth rates, AYit, can be expressed as steady-state 
growth rates, ai, plus deviations around it.
(2.2) AYic=ai+(AYic-tti)
However, cross-section regressions can explain tti 
meaningfully only if the deviations around it are small and 
uncorrelated with the set of explanatory variables. If, on 
the other hand, growth rates show a strong dependence on 
initial conditions, they will never converge to a steady 
state. In this case, time-averaged regressions,
(2.3) E(AY|X)=Xp
where X is the set of explanatory variables, cannot be 
interpreted as explaining changes in steady-state growth 
rates [Quah and Rauch, 1990]. Quah and Rauch indicate that 
if growth rates converge at all, they would converge to a 
deterministic trend component in income levels. Then 
regressions of the form (2.3) would have a serious
12
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conceptual problem of explaining cross-section variation in 
a variable that itself is invariant to time varying 
variables. This sort of specification would deny any 
possibility that economic agents can affect the underlying 
steady-state growth rates of the economies they live in, 
making the entire body of endogenous growth literature 
pointless.
Also, Quah [1993a] shows that coefficients with 
arbitrary signs for initial incomes in such regressions are 
consistent with an unchanging cross-section distribution 
over time. Quah criticizes the interpretation of convergence 
from cross-section regressions as being subject to Galton's 
fallacy of regression towards the mean. To illustrate the 
point, Quah assumes a stationary cross-section of 
independent and identically distributed (i.i.d.) country 
incomes, Yi(t) . Then for two arbitrary points ti and t2 the 
cross-section projection of Yfti) on a constant and Y(ti) 
is :
P c [ Y ( t 2 )  |1, Y ( t i )  ] = E c Y ( t 2 ) + A ( Y ( t i ) - E c Y ( t i )  ) , 
where A=coVc ( Y ( t 2 ) , Y ( t i )  ) /varc {Y( ti) ) ,
and the subscript "c" denotes the cross-sectional value. By 
the Cauchy-Schwarz inequality,
|coVc(Y(t2) ,Y(ti) |<varc°'̂  (Y(t2) ) varc°'̂  (Y( ti) ) .
Then, the assumption that cross-sections are in a stationary 
state’,
13
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varc (Y ( t2) ) =varc (Y ( ti) ) , implies that A<1.
But this, in turn, yields the projection,
P[Y(t2)-Y{ti) jl,Y(ti) ]=Ec(Y(t2)-Y(ti) )-(l-A) (Y(ti))
(2.4) P[Y(t2)-Y(ti) |1, Y(ti) ]=H-(l-A)Y(ti)
with a nonpositive coefficient on Y(ti). Assuming ti<t2 ,
(2.4) is just a regression of scaled growth rates on the 
initial condition. Since the coefficient on the initial 
condition is always nonpositive, even if the cross-section 
variation is not changing over time, Quah concludes that 
this negative sign cannot be interpreted as meaning that the 
cross-sectional distribution collapses. Instead, it is 
simply Galton's fallacy of regression toward the meein.
Furthermore, Evans and Karras [1996] explain that the 
conventional cross-country approach to convergence is valid 
only if the economies have identical AR(1) structures and 
all cross-country permanent differences are controlled for. 
They indicate that application of OLS to a model like 
Eg.(2.1) is unlikely to be useful for inferring information 
about the coefficients on ln(y(0)), initial income, and 
other variables as the error would likely be correlated with 
ln(y(0)). Evans [1996] shows that the error term and initial 
conditions would be uncorrelated if and only if income 
differences are generated by an AR(1) process.
14
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Finally, with a sufficiently long time series, under 
the convergence assumption, average growth rates for each 
country would converge to the same underlying number. 
Initial income levels, on the other hand would be 
represented by some non-degenerate distribution. Hence, the 
correlation between initial levels and growth rates would 
converge to zero. However, this zero correlation is 
presented as evidence against the convergence hypothesis. 
Under these procedures one could, therefore, incorrectly 
conclude that there is no convergence, although in fact, 
there may be [Quah, 1990a] .
Islam uses the same equations, samples and time period 
as M-R-W. The main difference in his work is the use of a 
panel data approach to allow country specific differences in 
the model. He uses five-year intervals on per capita income 
and human capital and five year averages of savings and 
population growth variables. Islam's findings are, in 
general, consistent with those of M-R-W. Nevertheless, the 
coefficients on human capital now turn out to be negative in 
all samples, though significant only in the NONOIL sample. 
However, Islam concludes that the impact of controlling 
country-specific differences remains robust, regardless of 
the role of human capital. Namely, controlling for country 
specific differences leads to much higher rates of 
convergence and more plausible values for the output
15
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
elasticity of physical capital. Islam's dynamic panel 
approach, is clearly an improvement over the single cross- 
section regression framework. Allowing for country specific 
effects and introducing the time dimension do address some 
of the concerns regarding time-averaged cross-country 
regressions. However, using values for every five-year 
interval or averaging relevant variables over a five-year 
period potentially contains the same pitfalls that exist in 
the cross-section regression framework. Furthermore, 
anomalies in findings regarding human capital, and low 
estimated values for X, the speed of convergence, raises 
doubts about the validity of neoclassical models and their 
implications, including convergence. Despite the implied 
instantaneous convergence with the open economy version of 
the Solow model, even the highest panel estimate of X 
(0.1067 for OECD) found in Islam suggests that a country 
would move half way to steady state in about seven years. 
Thus, results from single cross-section regressions and from 
time averaged panel approach are inconclusive. A direct way 
of examination of convergence is to investigate the unit 
root properties of relevant variables. This is done, using 
the same samples as in M-R-W and Islam.
2.3. The Estimation Techniques
Recent econometric research has demonstrated specific 
benefits of the use of pooled cross-section time-series data
16
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for unit root tests. For all practical purposes, if the time 
series dimension of data is sufficiently large(i.e. T > 
several hundreds), applying the existing unit root test 
procedures to each country would generally be satisfactory. 
Thus, the use of panel data to test for unit roots is 
important primarily for panels of moderate size. Most of the
existing cross-country data on incomes are annual and
available only for periods after 1960. Therefore, applying 
the unit-root test procedures to each country would not be 
sufficiently powerful. If the sample time length is moderate 
(i.e. T = 25-100), panel-data unit-root analysis provides a 
substantial increase in the power of the test [Levin and
Lin, 1992,1993].
Coming back to the convergence hypothesis and denoting 
country incomes with Yit, income disparities between a base 
country and the rest of the sample can be represented as
(2.5) Xic=Ybt-Yit t=l,...T, i=l,...N
where the subscript b represents the base country. If income 
disparities tend to dampen out, the series Xit would exhibit 
stationary behavior, indicating convergence of income levels 
to the same underlying number. The same analogy applies to 
growth rates as well. That is if the differentials between 
the base country's and the other countries' growth rates are 
not persistent, this would indicate convergence of the
17
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growth rates for all countries to the same underlying growth 
rate.
Letting Xic be the variable of interest for which the 
existence of a unit root is to be tested, consider the 
following data generating processes and the associated null
hypotheses :
Model 1: AXic - pXit-i + tit Ho:p=0
Model 2: AXit = §0 + pXit-i + £ic Ho:p=0
Model 3: AXit = So + Sit + pXic-i + Eit Ho:p=0
Model 4 : AXit = Uc + pXit-1 + Eic Ho:p=0
Model 5: AXic = Tli + pXit-i + Eit Ho:p=0
Model 6: AXit = TjiO + îlilt + pXit-1 + Eic Ho:p=0
i=l,.. - ,N; t=l,....,T.
Models 1-3 are analogous to single time series unit 
root testing procedures. Models 4 and 5 allow a time- 
specific and an individual-specific fixed effect, 
respectively, while Model 6 allows both the intercept and 
time trend to contain individual-specific fixed effects. Now 
consider the following assumptions :
Assiuqption 2.1. The disturbances, Eic, are independent 
across all i=l,2,...,N and t=l,2,...,T and identically 
distributed with mean 0 and variance ô . Moreover, E | Eic | <
+ 0 0 for Vi,t.
18
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Assumption 2.2. The time specific effects, Vt, are 
distributed independently of Eis, Vi,s and t with finite 
mean and variance.
Assumption 2.3. The individual specific effects, T|i, are 
distributed independently of Eis, Vi,s, with finite mean and 
variance.
Assumption 2.4. The individual specific effects, Tjio and Tjii 
are distributed independently of Eis, Vi, s, with finite mean 
and variance.
Assumption 2.1 applies to all models 1-6 while 
Assumptions 2.2, 2.3 and 2.4 apply to Models 4, 5 and 6,
respectively. Given the above assumptions and the associated 
null hypothesis for each model. Levin and Lin show that the 
OLS t-statistic on p,t,, for Models 1-4 converges to N(0,1) 
as N —> oo and T oo. For Models 5 and 6 the asymptotic 
distribution of t̂  is not N(0,1), but is noncentral normal. 
Levin and Lin provide a straight-forward transformation, 
t*p, which has an asymptotic N(0,1) distribution. When
idiosyncratic disturbances, Eic, are serially correlated,
this can be corrected by including the lagged difference
terms, AXic-i, in each model, the Augmented Dickey-Fuller
(ADF) rationale, or by directly estimating the average 
variance of the dependent variable and the disturbance term,
19
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the PhiHips-Perron (PP) rationale. The test statistics will 
have the same asymptotic distribution given above. Levin and 
Lin provide Monte Carlo critical values of the test 
statistics for finite samples. The relevant parts of these 
Monte Carlo simulations are used in the empirical section 
below in evaluating the test statistics. Using Model 1 on 
income disparities would provide a direct test of absolute 
convergence. In view of Islam's finding, however, regarding 
the robustness of controlling for the differences in the 
initial conditions. Model 5 is the most attractive model for 
testing for unit roots in income differences between the 
base country and the other countries. Thus, employing Model 
5 to test for the existence of a unit root in income 
disparities would be a direct test of convergence, 
conditional on initial conditions.
2.4. Data and Samples
The data for this study are from the data set of Summers 
and Heston(1995) . As a measure of real income, I use real 
GDP per capita at 1985 international prices (RGDPCH). 
Regarding the choice of samples, I take M-R-W and Islam as 
the starting point. However, limitations on the availability 
of data on some countries for NONOIL and INTER samples 
require some modifications. In particular, data on Sudan and 
Sierra Leone for initial years, and on Ethiopia, Tanzania, 
Nepal and Liberia for recent years are not available. Income
20
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data for Taiwan, on the other hand, are available. Thus, 
NONOIL and INTER samples are reduced to 93 and 74 countries, 
respectively and cover the period from 1960 through 1989. 
For OECD, the sample remains unchanged and the income data 
cover the period from 1950 through 1990.
2.5. Choice of Lag Length
Following the ADF rationale, the Bayesian Information 
Criterion(BIG) in combination with the Lagrange Multiplier 
(LM) test for autocorrelation is used in choosing the 
appropriate lag length. The procedure used is as follows.
1. Bearing in mind the short time dimension available, T=41 
for OECD and T=30 for INTER and NONOIL samples, set the 
maximum lag length to 4.
2. Identify the lag picked by BIG criterion.
3. Perform LM tests on the residuals for the first and 
second order autocorrelation, using the model chosen by BIG.
4. If the null of no autocorrelation is not rejected, use 
the model picked by BIG. If this null is rejected, include 
an additional lag and repeat the LM test until the null 
hypothesis of no autocorrelation is not rejected.
To ensure the whiteness of residuals while avoiding 
overspecification of lag length, 10 and 1 percent 
significance levels are used respectively for testing the 
validity of first and second order autocorrelation for 
residuals. Nevertheless, the BIG model turns out to be quite
21
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satisfactory in this and the following chapters. Only in a 
few cases, are additional lags needed to clean residuals of 
serial correlation, and no more than three lags are chosen 
in all cases.
2.6. Empirical Results
The time-specific term in Model 4 would most likely 
correspond to technological progress in growth models. 
However, since technological progress is taken to be the 
same for all countries, the time specific term would drop 
out when one considers income differences. This, in turn, 
gives us Model 1. The Model 2 specification separates the 
deterministic and stochastic components of income 
differences. Models 3 and 6 are not estimated since trend 
stationary income differences cannot be interpreted as 
convergence in income levels. Thus, choosing the US as the 
benchmark country, tests for a unit root in income 
differences between the benchmark and the other countries 
are performed, using Models 1,2, and 5 of section (2.3) .
One disadvantage of the short time span of the data is 
that tests for convergence within subsamples can be 
performed only to a limited extend. In other words, for the 
samples in which convergence is examined, the panel unit 
root procedure looks at the extremes. We test that all the 
economies in the sample converge versus as a group they are 
not converging. In a related matter, choosing the benchmark
22
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country asymptotically would not matter. But choosing the 
richest or the most productive country as the base would 
enable us to construct a rough test of convergence in terms 
of the in-sample common trend. Thus if income disparities 
from the richest country exhibit a positive trend this would 
provide strong evidence against the convergence.
The results in Table 2.1 are obtained with two lags for 
all three models and samples. Nevertheless, the estimates
are robust to changes in the lag length. T-ratios, t̂  and 
tpw, are reported using both ordinary least squares (OLS) and
White's heteroscedasticity consistent estimators for 
standard errors. Allowing for serial correlation of a moving 
average (MA) form in the error term, however, does not change 
the results. Finally, the conclusions are robust to 
estimating the models with Weighted Least Squares using the 
estimates of standard errors in each cross-section.
A comparison of t-ratios with the critical values 
reported in Table 2.2 indicates that income differences fail 
to converge for all three samples and all three models used. 
For Models 1 and 2 estimates of p are positive and the t-
statistics are the smallest for OECD and the largest for 
NONOIL. For Model 2, the estimates of intercepts are -24.23, 
-11.40 and 0.86 for OECD, INTER and NONOIL, respectively. A 
negative intercept indicates that the benchmark is growing 
relatively slowly. The existence of a unit root, on the
23
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other hand, indicates that the stochastic trend component 
separates the benchmark from the other countries.
Table 2.1-Tests for Convergence: Levels, Full Sample Period
MODEL 1
p tpw
0 .0 0 4 6 1. 9866
0 .0 1 8 3 15 .7209
0 .0 1 9 1 18 .73 37
MODEL 2
0 . 0 0 8 4
0 . 0 1 9 3
Î 0 . 0 1 9 0
1 . 5 9 8 5
7 . 6 2 7 9
MODEL 5
P tpw
- 0  .0605  
- 0 . 0 1 8 4  
- 0 . 0 1 8 0
m
- 3 . 9 2 9 6
- 4 . 0 0 3 1
- 4 . 9 1 1 2
The Model 5 specification, as well, permits the 
separation of the country-specific deterministic and 
stochastic components of income differences. However, 
estimates of country-specific terms are positive and highly 
significant for most of the countries in all three samples 
with the exception of relatively richer and fast growing
24
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economies^. The point estimates of p are negative in all 
three samples, though not significantly different from zero. 
Taking these point estimates at face value, however, 
suggests "convergence rates" of 0.06 for OECD and 0.018 for 
INTER and NONOIL. These "convergence rates" are much higher 
than the rates estimated by M-R-W and Islam, based on 
initial conditions, even after allowing adjustments for 
small Scimple bias. Nevertheless, these estimates are not 
sufficiently away from zero to reject the null hypothesis of 
a unit root.
It is worth noting that M-R-W reports unconditional 
convergence within OECD. Panel unit root procedures, 
however, reject both unconditional convergence and the 
convergence conditional on country-specific differences. 
Also, my findings on conditional convergence are different 
from those of Evans and Karras^. Although, they use Model 5 
and report conditional convergence, this should be 
interpreted with caution since they use differences in log 
incomes rather than differences in income levels. Their 
procedure permits difference of log incomes to be stationary 
as income levels across all the countries grow, even if 
income differences in levels are persistent or even 
increasing. This issue is taken up in the following chapter.
25
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Table 2.2- Ubit Root: Tests Critical Values
MODEL 1
T-25
-2.45 -1.76 -2 .43
-2.44 -1.38 ; -1.74 -2.41
^  —2.40 -2 .38








; -2.47 m m
m s m  -2.45
m -1.94









 -1.58m  -
MODEL 5
SMi T-::
%  m  !L
1 ^ 0  - 13.02 0
*smsix 





- 7 . 5 9  - 6 . 7 4
- 8 . 2 5  - ; # # % -  - 7 . 3 9
- 1 0 . 8 3  ; ;ÿL (k28T - 9 . 9 6  
- 1 2 . 8 1  - 1 1 . 9 4
- 1 4 . 4 8  ;;;f23i292?:: - 1 3 . 6 1
Source: Levin and Lin[1992]
2.7. Conclusions
Regressions based on time-averaged growth rates and 
initial conditions are uninformative about the convergence 
of cross-country incomes. Islam's panel approach with
26
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country-specific effects addresses some of the concerns 
regarding single cross-country regressions. Nevertheless, 
using five-year averages of growth rates and other relevant 
variables potentially contains the same pitfalls. Moreover, 
results from both approaches regarding convergence are 
unsatisfactory and inconclusive. Although the methodology 
used by Evans and Karras is powerful, convergence in log 
incomes is necessary but not sufficient for convergence in 
levels. Applying panel unit root procedures to income 
differences across countries provides evidence against both 
unconditional convergence and convergence on country 
specific initial conditions. Panel unit root tests, under 
the alternative hypothesis of convergence, enables one to 
estimate the converge rate, the absolute value of p, 
directly. However, the hypothesis that income differences 
contain a unit root cannot be rejected for any of the models 
or samples used here.
2.8. List of Countries
A "1" indicates that the country is included in the 
sample.
NONOIL INTER OECD
1 ALGERIA 1 1  0
2 ANGOLA 1 0  0
3 BENIN 1 0  0
4 BOTSWANA 1 1  0
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5 BURKINA FASO 1 0 0
6 BURUNDI 1 0 0
7 CAMEROON 1 1 0
8 CAPE VERDE IS. 0 0 0
9 CENTRAL AFR.R. 1 0 0
10 CHAD 1 0 0
11 COMOROS 0 0 0
12 CONGO 1 0 0
13 DJIBOUTI 0 0 0
14 EGYPT 1 0 0
15 ETHIOPIA 0 0 0
16 GABON 0 0 0
17 GAMBIA 0 0 0
18 GHANA 1 0 0
19 GUINEA 0 0 0
20 GUINEA-BISS 0 0 0
21 IVORY COAST 1 1 0
22 KENYA 1 1 0
23 LESOTHO 0 0 0
24 LIBERIA 0 0 0
25 MADAGASCAR 1 1 0
26 MALAWI 1 1 0
27 MALI 1 1 0
28 MAURITANIA 1 0 0
29 MAURITIUS 1 0 0
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30 MOROCCO 1 1 0
31 MOZAMBIQUE 1 0 0
32 NAMIBIA 0 0 0
33 NIGER 1 0 0
34 NIGERIA 1 1 0
3 5 REUNION 0 0 0
3 6 RWANDA 1 0 0
37 SENEGAL 1 1 0
3 8 SEYCHELLES 0 0 0
3 9 SIERRA LEONE 0 0 0
40 SOMALIA 1 0 0
41 SOUTH AFRICA 1 1 0
42 SUDAN 0 0 0
43 SWAZILAND 0 0 0
44 TANZANIA 0 0 0
45 TOGO 1 0 0
46 TUNISIA 1 1 0
47 UGANDA 1 0 0
48 ZAIRE 1 0 0
49 ZAMBIA 1 1 0
50 ZIMBABWE 1 1 0
51 BAHAMAS 0 0 0
52 BARBADOS 0 0 0
53 BELIZE 0 0 0
54 CANADA 1 1 1
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55 COSTA RICA 1 1 0
56 DOMINICA 0 0 0
57 DOMINICAN REP. 1 1 0
58 EL SALVADOR 1 1 0
59 GRENADA 0 0 0
60 GUATEMALA 1 1 0
61 HAITI 1 1 0
62 HONDURAS 1 1 0
63 JAMAICA 1 1 0
64 MEXICO 1 1 0
65 NICARAGUA 1 1 0
66 PANAMA 1 1 0
67 PUERTO RICO 0 0 0
68 ST.KITTS&NEVIS 0 0 0
69 ST.LUCIA 0 0 0
70 ST.VINCENT&GRE 0 0 0
71 TRINIDAD&TOBAGO 1 1 0
72 U.S.A. 1 1 1
73 ARGENTINA 1 1 0
74 BOLIVIA 1 1 0
75 BRAZIL 1 1 0
76 CHILE 1 1 0
77 COLOMBIA 1 1 0
78 ECUADOR 1 1 0
79 GUYANA 0 0 0
30
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
80 PARAGUAY 1 1 0
81 PERU 1 1 0
82 SURINAME 0 0 0
83 URUGUAY 1 1 0
84 VENEZUELA 1 1 0
85 BAHRAIN 0 0 0
86 BANGLADESH 1 1 0
87 BHUTAN 0 0 0
88 CHINA 0 0 0
89 HONG KONG 1 1 0
90 INDIA 1 1 0
91 INDONESIA 1 1 0
92 IRAN 0 0 0
93 IRAQ 0 0 0
94 ISRAEL 1 1 0
95 JAPAN 1 1 1
96 JORDAN 1 1 0
97 KOREA, REP. 1 1 0
98 KUWAIT 0 0 0
99 LAOS 0 0 0
100 MALAYSIA 1 1 0
101 MONGOLIA 0 0 0
102 MYANMAR 1 1 0
103 NEPAL 0 0 0
104 OMAN 0 0 0
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105 PAKISTAN 1 1 0
106 PHILIPPINES 1 1 0
107 QATAR 0 0 0
108 SAUDI ARABIA 0 0 0
109 SINGAPORE 1 1 0
110 SRI LANKA 1 1 0
111 SYRIA 1 1 0
112 TAIWAN 1 1 0
113 THAILAND 1 1 0
114 UNITED ARAB E. 0 0 0
115 YEMEN 0 0 0
116 AUSTRIA 1 1 1
117 BELGIUM 1 1 1
118 BULGARIA 0 0 0
119 CYPRUS 0 0 0
120 CZECHOSLOVAKIA 0 0 0
121 DENMARK 1 1 1
122 FINLAND 1 1 1
123 FRANCE 1 1 1
124 GERMANY, EAST 0 0 0
125 GERMANY, WEST 1 1 1
126 GREECE 1 1 1
127 HUNGARY 0 0 0
128 ICELAND 0 0 0
129 IRELAND 1 1 1
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13 0 ITALY 1 1 1
131 LUXEMBOURG 0 0 0
132 MALTA 0 0 0
133 NETHERLANDS 1 1 1
134 NORWAY 1 1 1
135 POLAND 0 0 0
136 PORTUGAL 1 1 1
137 ROMANIA 0 0 0
138 SPAIN 1 1 1
139 SWEDEN 1 1 1
140 SWITZERLAND 1 1 1
141 TURKEY 1 1 1
142 U.K. 1 1 1
143 U.S.S.R. 0 0 0
144 YUGOSLAVIA 0 0 0
145 AUSTRALIA 1 1 1
146 FIJI 0 0 0
147 NEW ZEALAND 1 1 1
148 PAPUA N.GUINEA 1 0 0
149 SOLOMON IS. 0 0 0
150 TONGA 0 0 0
151 VANUATU 0 0 0
152 WESTERN SAMOA 0 0 0
33
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.








LM Test for Serial Correlation
Chi-Squared(l)=2.230305 with Significance Level
Chi-Squared(2)=19.449977 with Significance Level
OECD No Intercept, Lag = 2
LM Test for Serial Correlation
Chi-Squared(1)=0.049032 with Significance Level








LM Test for Serial Correlation
Chi-Squared(l)=2.168165 with Significance Level 0.14089424 
Chi-Squared(2)=19.574806 with Significance Level 0.00005615
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OECD Common Intercept, Lag = 2
LM Test for Serial Correlation
Chi-Squared(l)=0.064550 with Significance Level 0.79944428 
Chi-Squared(2)=0.247346 with Significance Level 0.88366868 







LM Test for Serial Correlation
Chi-Squared(1)=3.633021 with Significance Level 0.056643 91 
Chi-Squared(2)=17.981313 with Significance Level 0.00012457 
OECD Country Specific Intercepts, Lag = 2 
LM Test for Serial Correlation
Chi-Squared(1)=0.050046 with Significance Level 0.82298259 
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LM Test for Serial Correlation
Chi-Squared(1)=0.248097 with Significance Level 0 










LM Test for Serial Correlation
Chi-Squared(1)=0.267136 with Significance Level 0 
Chi-Squared(2)=2.768449 with Significance Level 0 









LM Test for Serial Correlation
Chi-Squared(1)=0.816038 with Significance Level 0 












LM Test for Serial Correlation
Chi-Squared(1)=0.416798 with Significance Level 0.51853887 








LM Test for Serial Correlation
Chi-Squared(1)=0.414919 with Significance Level 0.51948327 
Chi-Squared(2)=4.328485 with Significance Level 0.11483 691 
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3 11.79632 12.10855
4 11.78462 12.11107
LM Test for Serial Correlation
Chi-Squared(1)=1.215397 with Significance Level 0.27026592 
Chi-Squared(2)=7.840448 with Significance Level 0.01983665
2.10. Endnotes
 ̂ Quah indicates that this assumption is not necessary but 
it does make the point particularly explicit.
 ̂Exceptions include Canada, Japan, Switzerland, Hong Kong, 
Singapore, Belgium, Denmark, Finland, France, Germany, 
Italy, Norway, Sweden, and Australia.
 ̂ Evans and Karras let the individual-specific intercept 
term, T|i, be non-zero for all i under the null hypothesis.
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CHAPTER 3
A TEST OF THE CONVERGENCE HYPOTHESIS WITH PANEL 
DATA: PERSISTENCE IN INTERNATIONAL INCOME
DISPARITIES II
3.1. Introduction
Three major issues related to the convergence 
hypothesis are studied in this chapter. First, the null 
hypothesis of a unit root for Models 2 and 5 of Chapter 2 is 
modified to allow non-zero common and country-specific 
intercepts, respectively. Furthermore, the validity of 
inferences from convergence tests based on log-income 
differences is examined. Finally, whether convergence tests 
are sensitive to the sample period is investigated by 
splitting the sample period into the pre-1973 and the post- 
1973 periods.
The Levin and Lin procedure, introduced in Chapter 2, 
imposes 5o=0 for Model 2 and r|i=0 Vi for Model 5. This type 
of specification can be justified for testing convergence 
conditional on initial differences. Under the alternative 
hypothesis of stationarity, the common intercept represents 
the unconditional mean of the income disparities. Under the 
null hypothesis of a unit root, the unconditional mean is 
absorbed into the initial value of Xio for each country, so 
the intercept equals zero. Similarly, the inclusion of fixed
39
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effects generates different unconditional means under the 
alternative hypothesis of stationarity. Under the null 
hypothesis of a unit root, the fixed effect for each country 
is absorbed into the initial value of Xio, so that T|i=0 Vi.
However, endogenous growth models predict not only that 
incomes fail to converge but that differences in economic 
policies, institutional structures, preferences and 
technology generate different income and growth trends. 
Thus, these models imply that not only p=0, but also riî Ô
Vi- For this reason, the procedures in Chapter 2 are 
modified, and the results are contrasted.
3.2. Distribution of Unit Root t-ratio
Rewriting Models 2 and 5, we obtain 
Model 2'I AXic = ôo + pXit-i + £it Ho:p=0 and S&fO
Model 5': AXic = "ni + pXit-i + Eit Ho :p=0 and T|i#0
i=l, ,N; t=l, . . . . , T.
With this modification, under the null hypothesis of a unit 
root with nonzero drift(s), the asymptotic distribution of 
tp is standard normal for both models. However, the
asymptotic normal result here differs from that of Levin and 
Lin. In their formulation normality obtains because of 
averaging of N non-normal distributions. Here, under the 
data generating process of a unit root with non-zero 
drift(s), normality obtains for each unit(for N=l)^.
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The regressor, Xit-i, is asymptotically dominated by the 
time trend. As the sample gets large, it acts as if Xic-i is 
replaced by rii(t-l) . So in each unit OLS slope and intercept
estimates behave like those of deterministic time trend 
regression. Thus, the normality here takes place because of 
time trends in Xit̂ .
It should be noted, however, in small samples point 
estimates of p will still be biased. Additionally, since the
normality is driven by non-zero drift(s), small drifts will 
not provide a good approximation to normal distribution. For 
this reason, estimates of bias for p and the exact sample
distributions for t̂  are generated in testing the
hypotheses.
3.3. Logs or Levels
Within a time-series framework, convergence is
generally defined as temporary deviations from identical 
common trends. Several definitions of convergence that are 
consistent with this framework can be listed as follows.
1. Per capita income level of all countries converges over
time.
2. Long term forecast of output for country i and country j 
are equal at a fixed time,
lim E(yi,t*ic - yj.c+k |lt)= 0,
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where le is the information set at time t [Bernard and 
Durlauf, 1995] .
3. Income disparities between countries have neither unit 
roots nor deterministic trends [Quah 1993a].
Several recent studies, using this general framework 
employ, logarithms of variables for which convergence is 
tested rather than levels^. However, if convergence is 
defined as the dampening of income disparities dampening or 
incomes across countries converging, convergence in the 
logarithm of incomes does not necessarily imply convergence 
in per-capita income levels. It instead implies convergence 
in growth rates. Considering two functions of per capita 
income levels for countries i and j, Yi=yi(t) and Yj=yj(t) , 
then
limr (Inyi (t) - lnyj(t))=Ci, does not imply
limc_(yi(t) -yj (t) ) =cz
where ci and C2 are finite constants. Convergence in log- 
income differences implies
limr ,..{drinyi (t) 1 /dt - d[lnyj (t) ]/dt} = dci/dt=0, or
limc_{gi(t) -{gj (t) } = 0. 
where gi(t) and gj(t) are the growth rates of per capita 
income for countries i and j at time t, respectively. The 
last statement implies convergence in growth rates to 
gi=gj=g- Then,
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Yi (t) = [yi (0) ] exp {git}, Yj ( t) = [ (yj (0 ) ] exp{gjt},
Yi (0)9£yj (0) , Yi (0 )#0, Yj (0)9̂ 0, and g>0 implY 
limt^(Yi ( t)-Yj (t) )= limt^(Yi(0)-Yj (0) ) exp{gt> , diverges. 
The empirical results in the next section confirm this 
analogY- That is, incomes fail to converge while growth 
rates tend to converge to the same underlYing number.
3.4. En^lrlcal Results
Results of the convergence tests with the modified null 
hYpotheses are given in Table 3.1. Notice that the point 
estimates and t-ratios are identical to those reported in 
Chapter 2. However, critical values reported in Table 3.2 
reveal that the critical values for Model 5 are much less 
skewed to the left than the values reported in Table 2.2. 
Results for Model 2 indicates that the null of unit root 
cannot be rejected for anY of the samples. Results for Model 
5, on the other hand, provide strong support for convergence 
within OECD, but produce mixed and puzzling results for 
INTER and NONOIL. In particular, t-ratios provide stronger 
support, and the bias adjusted convergence rates suggest 
slightlY faster convergence within NONOIL than within INTER. 
This, however is mainlY due to smaller variance estimates of 
p for NONOIL, given the larger sample.
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Tzüsle 3.1- Tests for Convergence: Levels, Full Sample Period
MODEL 2
0 . 0 0 8 4 p i ’ 1 . 5 9 8 5
m 0 . 0 1 9 3 S  7 . 6 2 7 9
8 . 4 0 1 00 . 0 1 9 0















One a s t e r i s k  { * ) ,  tw o  a s t e r i s k s ( * * ) ,  a n d  t h r e e  a s t e r i s k s  { * * * )  i n d i c a t e  
s t a t i s t i c a l  s i g n i f i c a n c e  a t  10%,  5%, 1%, r e s p e c t i v e l y .
Three distinct sources might help to explain the 
ambiguity of results for INTER and NONOIL of Model 5. First, 
since there is a very decisive evidence of convergence 
within OECD, this group may be tilting results toward 
convergence. Excluding OECD countries from the largest 
sample, however, does not eliminate the ambiguity. The 
convergence test for NONOECD sample also produces mixed 
results for Model 5.
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Table 3.2-Unit Root Tests Critical Values,
Levels, Full Sainple Period
MODEL 2 -Ho:  p = 0 ,  feO
- 2 . 6 7  
3 . 9 4  
-4.04
- 1 . 4 8
2 . 3 8
-1.34- 2 . 3 8
m e m e B W :  _3_75m  - 2 . 3 8
Critical values are obtained with 25,000 replications.
Since the speed of adjustment estimates are very low 
for the last three samples, the tests might not be 
separating the stationary alternatives from unit root 
processes well. This would imply that tests would have low
power. Finally, if there is a structural break in the
sample, this might be contributing to the ambiguous results 
reported in Table 3.1. Critical values for Model 2 and 5
with p=-0.01 would provide good approximation for the low
estimates of p. Table 3.3 provides power simulations, while
Tables 3.4-3.7 report unit root tests for the pre- and post- 
1973 samples and the associated critical values.
A comparison of entries in Table 3.3 with those of 
Table 3.2 reveals that power properties of the tests are 
quite good. In particular, the samples INTER, NONOIL and 
NONOECD have powers around 85%, over 95% and close to 90%, 
respectively at the 1 % level. These values are obtained
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with p=-0.01. Power simulations with p=-0.05 and p=-0.10 
indicate that the power of the unit root tests for all 
samples and the Models increase to 1.0 or to the vicinity of 
1 .0 .
Table 3.3-Power of Uïxit Root Tests, Levels, Full Sample
Period
































Power percentiles are obtained with 2,500 replications,
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Table 3.4 reports the convergence tests for ail three 
Models. Notice that comparing these results with the 
critical values in Chapter 2 reveals that the null of a unit 
root cannot be rejected using the Levin and Lin procedure. 
The above conclusion holds for Models 1 and 2 with the 
modified null as well. However, the results for Models 5 
compared with the critical values in Table 3.5 indicate a 
strong support for convergence for all samples. Also the 
speed of adjustment and the half life estimates indicates a 
much faster convergence in incomes with dramatic 
improvements in the last three samples.
Results for the post-1973 period, however, indicate 
otherwise. In particular, with the exception of OECD, post- 
1973 data provide no evidence of convergence for any of the 
samples. For OECD, however, tests for Model 5 decisively 
reject the null of a unit root, providing strong evidence of 
convergence within OECD. The speed of convergence is a 
record 32 percent for the post-1973 period, implying 
economies move half way to steady state in less than two 
years. Notice that, comparing t-ratios for Model 5 with 
Levin and Lin critical values also provides some support for 
convergence under the Levin and Lin formulation of the null.
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Three asterisks ( *** ) indicate statistical significance at 1%.
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Table 3.5-Unit Root Tests Critical Values, Levels, Pre-1973
Period
MODEL 1 ■ÜB MODEL 5
1%
'1 n/r
10% ig»i 5% a# 1% :gieT: ## ms
- 1 . 7 0
‘s -2.54 
m  -2.48 ^
m m ;
1 . 3 9
1 . 4 3
-1.47
C r i t i c a l  v a lu e s  a r e  o b t a in e d  w i t h  2 , 5 0 0  r e p l i c a t i o n s .
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Three asterisks{***)indicate statistical significance at 1%.
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-2.42 1.70 -5.18 -3.92
Critical values are c±tained with 2,500 replicaticns.
Finally, results for the tests of convergence, using 
log-income differences are reported in Table 3.8. Results 
indicate strong support of convergence for all samples using 
Model 5, confirming the discussion in section (3.3) above. 
Notice that using log-income differences indicates 
convergence within OECD for all 3 models. Estimates of bias 
adjusted p for Model 5 indicate that each sample converges
with a rate of around 5 percent per annum, indicating 12-14 
years to move halfway to the steady state.
Table 3.8- Tests for Convergence : Logs, Full Sangle Period
MODEL 1
p tp *
ÉBlBEiMi - 0 . 0 1 9 7 - 8 . 6 8 5 7 * * *
- 0 . 0 0 0 1 - 0 . 1 1 0 8
0 . 0 0 2 2 2 . 9 7 2 4
0 . 0 0 2 6 3 . 4 7 2 3
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MODEL 2
p tp»
- 0 . 0 1 7 3 - 4  . 9 5 7 7 * * *
0 . 0 0 2 4 1 . 7 9 5 9
0 . 0 0 5 5 4 . 2 5 7 1




-0.0561 6.3963*** 12 .3
-0.0541 5.6829*** i 12.8
T h r e e  a s t e r i s k s  ( * * * ) i n d i c a t e  s t a t i s t i c a l  s i g n i f i c a n c e  a t  1%.
Table 3.9-Unit Root Tests Critical Values,
L o g s , F u l l  S a n g l e P e r i o d
MODEL 1 mam MODEL 5
1% 10% 5% 10%
- 2 . 2 8 - 1 . 3 0 - 1 . 7 2 - 3 . 5 9 - 2 . 6 2
- 2 . 3 1
- 2 . 2 9
- 2 . 3 8 0
- 1 . 2 9
- 1 . 3 0
- 1 . 3 2 ■
- 1 . 6 5
- 1 . 7 3
- 1 . 6 6
- 3 . 6 1
# m#
- 2 . 5 0
- 2 . 2 7
- 2 . 2 5
C r i t i c a l  v a l u e s  a r e  o b t a in e d  w i t h  2 , 5 0 0  r e p l i c a t i o n s .
3.5. Conclusions
In this chapter we modified the null hypothesis to test 
the implications of endogenous growth models, investigated 
whether there is a structural break, and confirmed the
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sensitivity of results to using log-income differences. 
Findings in this chapter can be summarized as follow.
1. Results using Model 5 support convergence of incomes 
within OECD. This conclusion is robust to the sample period.
2. For other samples, we find mixed evidence when the entire 
sample period is used. This, however, appears to be the 
result of a structural break. Specifically, tests for the 
pre-1973 period provide evidence of income disparities 
narrowing, while the post-1973 data suggest income 
differences are widening. In the post-1973 period, in which 
supply shocks have become more dominant, the performance of 
developing countries has apparently worsened.
3. Using log-income differences suggest convergence for all 
samples using Model 5 and convergence for OECD using all 3 
models.
4. The implication of the results above(1-3) is that growth 
rates tend to converge to the same underlying number while 
income differences across countries persist.
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3 11.85860
4 11.86100 
LM Test for Serial Correlation
11.87489
11.88208
Chi-Squared(l)=0.426644 with Significance Level 0 










LM Test for Serial Correlation
Chi-Squared(l)=0.298697 with Significance Level 0 
Chi-Squared(2)=2.624913 with Significance Level 0 









LM Test for Serial Correlation
Chi-Squared(1)=1.021543 with Significance Level 0 
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3.7. Endnotes
 ̂See, for example, Hamilton [1994, PP: 495-497.]
 ̂ For a formal proof for Model 5, see Bernard and Jones 
[1996].
 ̂ See for example, Evans and Karras [1996a, 1996b] and
Bernard and Jones [1996].
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CHAPTER 4
PPP, UCIP, AND CONSTANT REAL RATE OF RETURN: A
PANEL DATA APPROACH
4.1. Introduction
A common feature of most empirical studies of 
purchasing power parity (PPP) and uncovered interest rate 
parity (UCIP) is the lack of support for prevalence of these 
hypotheses. The theory of PPP is a theory of exchange rate 
determination. In its most common form PPP asserts that the 
change in the exchange rate between two countries is 
determined by the chance in the relative price levels of the 
countries. In its absolute version, PPP derives from the 
perfect substitutability of domestic and internationally 
produced goods(the law of one price). Because PPP singles 
out price changes as the overriding determinant of exchange 
rate changes, it is also known as the "inflation theory of 
exchange rates" [Dombusch, 1985] .
PPP has been studied extensively as an exact
relationship. Most studies on PPP suggest that significant
violations of the theory are persistent and common. Some 
research in this line include Frankel [1978,1981], Krugman
[1978], and Hakkio [1984]. Differences in tastes and
technology, transportation costs, and restrictions on trade
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are some of the arguments for poor empirical support for 
PPP. However, even if PPP fails to hold in the short run, it 
may still prevail in the long run. For example, in models 
that foresee different speed of adjustment rates in goods 
and financial markets, monetary disturbances creates short- 
run violations of PPP. Changes in nominal exchange rates, 
which are changes in real exchange rates in the short-run, 
are matched by changes in price levels over time, leaving 
real exchange rates unchanged in the long-run. If, on the 
other hand, disturbances are permanent, long run violations 
of PPP would occur. Thus, the validity of PPP can be tested 
by performing cointegration tests between the spot exchange 
rate and the domestic and foreign price levels or by unit 
root tests on real exchange rates. UCIP, on the other hand, 
states that the interest rate differentials between two 
assets, denominated in different currencies, but otheirwise 
identical, is equal to the expected change in the spot 
exchange rate. Obtaining the expected future spot rate is an 
obvious challenge in constructing a direct test of this 
hypothesis. In part for this reason, most empirical studies 
assume the covered interest rate parity (CIP) holds true in 
testing for the prevalence of UCIP. This assumption allows 
the substitution of the forward rate for the expected future 
spot rate.
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CIP is just an arbitrage condition without any
theoretical hypothesis. It states that the home and foreign 
interest rates will differ to the extent of the difference 
between the forward and the spot rates. In the absence of 
capital controls, CIP would hold by definition once 
transaction costs and a forward premium or discount are 
taken into account, or the observed discrepancies must be 
bounded by the aforementioned magnitudes. UCIP, on the other 
hand, can be tested and refuted even in the presence of 
perfect capital mobility. UCIP has been studied extensively 
for many currency combinations. Typically, most early
studies used a single equation, incorporating CIP, thus, 
involving forward and spot rates. Empirical support for 
UCIP, however, has been far from convincing, leading some 
researchers to include a risk premium in the model.




(4.3) S(t)=P(t)-P*(t) , (PPP)
where i(t) and i'(t) are nominal interest rates in domestic 
and foreign currencies, P(t) and P*(t) are the logs of 
domestic and foreign price levels, S(t) is the log of the
spot exchange rate expressed in terms of the domestic
currency units per foreign exchange. Similarly, the first
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term in equation (4.2) is the expected value of S(t+1) 
conditional on the information available at time t, and F(t) 
is the log of the one-period forward rate, the home currency 
price in period t of a unit of foreign exchange to be paid 
in period t+1.
Under rational expectations(RE) ,
(S®(t+l)|t)=E(S(t+l)|t)= S(t+l)+et.i,
where Et+i is a mean zero error term, uncorrelated with all
the elements in the information set at time t. Then, 
combining CIP and UCIP gives
S(t+1)-S(t)= F(t)-S(t)+et̂ i, or 
S(t+1) -S(t)=a+P[F(t)-S(t) ]+£t.i, 
where a=0 and P=1.
Numerous studies use this specification as a basis, 
regressing S(t) on a constant and F(t-l) or AS(t) on a 
constant and F (t-1)-S(t-1) for pairs of currencies. However, 
these studies not only produced a wide range of estimates
for the slope parameter, P, but some of the estimates were in
the range of -3 to -4, far from the expected P=l, the
presumed value if the relationship holds exactly^.
Explanations that can be offered for failure of P 
estimates to be in the vicinity of 1 varies from the
outright rejection of UCIP, failure to take into account the
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time series properties of S{t) and F(t), irrationality of 
expectations, to policy behavior that responds to rapid 
changes in S(t) [McCallum, 1994]. However, despite the
empirical evidence against UCIP and PPP, many economists 
believe these parities ought to work one way or another.
Juselius [1995] , for example, advocates that the lack of 
support for PPP and as well as UCIP might be in part the
result of a precise specification of the sampling
distribution the data. She emphasizes accounting the time- 
series properties of the data, the importance of analyzing 
PPP and UCIP jointly to allow interaction between the goods 
and the capital markets. She further indicates the 
importance of distinguishing the short- and the long-run 
dynamics in the model so that in a steady state, with no 
disturbances, the error correction terms of PPP and UCIP 
assure that the model is consistent with the two parities. 
In the short run the model describes a tendency in the 
markets towards the parities. The parities might not exactly 
be satisfied but the prices and the interest rates never 
diverge substantially to overcome the fundamentals that tend 
to restore equilibrium. Thus, the validity of these parities 
can be tested by investigating whether the shocks to them 
are persistent or temporary.
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4.2. The Model
Rearranging the PPP relationship gives
(4.4) q(t)=S(t)-P(t)+P*(t)=0,
where q(t) is the log of real exchange rate. Thus, if PPP 
holds in the long run, q(t) would be mean reverting. One 
potential problem with this approach is the absence of long 
time-spans of data that have a relatively high signal-to- 
noise ratio(low frequency data). Given the limited 
experience with floating exchange rates since 1973, the 
sample used would effectively represent less than one 
observation on long-run behavior if the 'true' long run is 
longer than the sample period. However, as indicated in 
Chapter 2, the span of data can be increased by employing 
panel unit root procedures. The power of the test can be 
increased by pooling across currencies rather than extending 
the time dimension. Macdonald [1996] and Wu [1996] apply 
these procedures to real exchange rates from OECD countries. 
Each author reports that while augmented Dickey-Fuller tests 
for each real exchange rate provide little evidence of mean 
reversion, panel unit root tests suggest real exchange rates 
are stationary. These studies demonstrate that the failure 
to support the PPP by some researchers might stem from the 
low power of standard unit root tests.
Next turning to UCIP, rational expectations imply
(S®(t+l)lt)=E(S(t+l)lt)= S(t+1)+Et*i,
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where £c*i is the mean zero error term, described in section
(4.1). Substituting this in (4.2) and rearranging gives
(4.5) AS ( t+1)-i (t)+i* (t) =£t+i
Pooling across all the units and applying panel unit root 
tests gives a direct test of the joint hypothesis of 
rational expectations and UCIP. Finally, letting
(4.6) E(S(t+l) |t)=P(t)-P'(t) ,
a relation incorporating both PPP and UCIP is given by
(4.7) S(t)+i(t)-i*(t)-P(t)+P*(t)=0 (PPP-UCIP)
Equations (4.2),(4.3),(4.6) and (4.7) define long-run 
equilibrium or the steady states in the capital and goods 
markets. Definition of (4.6) is reasonable since deviations 
from PPP would be increasingly important in forming 
expectations of the exchange rate as the forecast horizon 
grows. Thus, a direct test of the relation described by
(4.7) would be to test stationarity of the combined variable 
by the procedures introduced in Chapter 2.
Defining the relative purchasing power parity(RPPP) as
(4.3') AS(t)=AP(t)-AP*(t) , (RPPP)
and rearranging would give
(4.4') Aq(t)=AS(t)-AP(t)+AP* (t) =0 . (RPPP)
Then, (4.7) with this modification becomes
(4.7') AS(t) + [i(t)-AP(t)]-[i*(t)-AP*(t)]=0. (CRRR)
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The last equation would now imply constant international 
real rates of return (CRRR) . Hence, the panel unit root 
procedures also provide a direct test of the constancy of 
real rate of return across a large number of countries.
4.3. The Data and the Sample
The data for this study are from the International 
Financial Statistics(IPS), February 1998 CD-ROM of the 
International Monetary Fund(IMF). The sample includes the US 
and the 18 other OECD countries and covers the period 1974 
through 1996, the post Bretton Woods flexible exchange rate 
era. Annual observations on all variables are used to ensure 
a relatively high signal-to-noise ratio.
For the spot exchange rate, the amount of national 
currencies per US dollar at the market rate are taken, 
thereby making the US "the foreign" or the base country. The 
consumer price index (CPI) on each country is used for the 
price level. Both variables are measured as period averages. 
Inflation rates, AP(t) and AP*(t), are calculated from the 
price level variable, CPI, for each country.
For the interest rate variable, the percentage annual 
yield on long-term government bond is used. Besides the 
discount rate, this is the only available measure for a 
sufficiently large number of countries and through the 
period that allows a panel of moderate size. However, the 
government bond yield is not available for some years for
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three of the 18 countries^. Hence, the validity of PPP and 
RPPP are tested using all the 18 countries and the entire 
period while other hypotheses are tested using a panel of 15 
countries. The country list is given in section (4.6).
4.4. Empirical Results
Models 1, 2 and 5 of section of Chapter 2 are estimated 
for the parities described by equations (4.4), (4.5), (4.7)
and, (4.7'). Only Model 1 is estimated for (4.4') since the 
first difference of PPP, RPPP, both from Model 2 and 5 
reduces to Model 1. As in the earlier chapters, the BIC 
criterion in combination with the LM test for
autocorrelation is used in choosing the appropriate lag
length. The results are provided in section (4.7).
The first column in Table 4.1 lists three models used 
in performing unit root tests. Model 1 includes no
deterministic variables; Model 2 includes a common 
intercept; and Model 3 includes country specific intercepts. 
The second column in Table 4.1 provides point estimates of 
p, while the third and fourth columns provide t-ratios using 
the OLS standard error and White's hetoro-scedasticity 
consistent standard error estimates, respectively. Estimates 
of p are adjusted to account for small sample bias using
mean bias obtained via Monte-Carlo simulations. Simulations, 
however, reveal that this bias is negligible for Models 1 
and 2. The last column provides the time span it would take
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for the effect of a shock to the parity conditions to be 
reduced by 50 percent.
The results in Tables 4.1 through 4.5 provide strong 
support for steady-state or long-run equilibrium conditions 
discussed in section (4.2). Both t̂  and t̂ w ratios, compared
with the critical values in Table 4.6, indicate the null of 
a unit root is rejected for all cases with the exception of 
PPP for Models 1 and 2. This, however, is hardly surprising 
since the CPI series are only rough proxies for the prices 
of tradable goods, which would have been preferred on 
theoretical grounds. Nevertheless, results, in Table 4.1, 
are consistent with the findings of MacDonald [1996] and Wu 
[1996]. Model 5 in Table 4.1 implies that it would take 
three years for an impact of a shock to real exchange to be 
eliminated by half. This is slightly longer than 2.3 years 
half-life reported by Wu. This discrepancy, however, is 
modest given the minor differences in the sample of 
countries, the time period covered and, most importantly the 
exclusion of a time trend in the Model used here.
Table 4.1-Tests for PPP
Half-Life
0 . 0 0 1 5 0 . 7 9 7 3
ÎSSSfÆ ■
C.0021 0 . 8 3 6 4
0 . 2 9 6 0 7 . 7 8 7 0 * * *
N o t e :  T h r e e  a s t e r i s k s ( * * * )
s i g n i f i c a n c e  a t  1 p e r c e n t .
i n  T a b le s  1 - 5  i n d i c a t e s  s t a t i s t i c a l
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Findings in Table 4.2 indicate a strong tendency toward 
RPPP. The test statistics are extremely high in absolute 
value. Disturbances to parity phase out at a convergence 
rate of 75 percent a year, and the impact is reduced by half 
in just about six months. Similarly, the null of a unit root 
is rejected at the 1 percent level using Models 1 and 2 for 
UCIP. Adjustment rates toward UCIP after a shock are 
estimated to be around 10 percent from both models. This 
implies a half-life of about 6.5 years for a shock to UCIP. 
The last row in Table 3 shows that using Model 5 the 
existence of a unit root is rejected at 1 percent and 5 
percent significance levels, using t̂  and t̂ w ratios,
respectively. The estimated adjustment rate of over 15 
percent implies a half-life of about 4 years, longer than 
that of a shock to PPP and contrary to a-priori 
expectations.
Three distinct explanations can be considered here. The 
first is the difference in samples and lag lengths that PPP 
and UCIP are tested. Using the identical sample and lag 
length (1) for both hypotheses reduces the discrepancy 
slightly. In fact, half-lives for both hypotheses are
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reduced to 2.85 and 3.75 years for PPP and UCIP, 
respectively.
Table 4.3-Tests for UCIP
tpw Half-Life
-3  . 4 2 7 3 * * * 6 . 5
- 3 . 4 0 6 9 * * * 6 . 5
- 6 . 3 3 9 1 * * 4 . 0
Trfo a s t e r i s k s {** )  in d ica tes  s t a t is t ic a l  s ig n ifican ce  a t  5%.
The second possibility is that is that the tendency in 
the markets to act toward UCIP is stronger but expectations 
are not rational. Froot and Frankel [1989] and Frankel and 
Froot [1990], using survey data, reports evidence to support 
irrationality. McCallum [1994] shows that this can explain 
the failure of UCIP to hold in earlier studies. Clearly, 
whatever the form of irrationality here, if it exists, is 
not great enough to lead to a rejection of the joint 
hypothesis of rationality and UCIP. However, it might be 
contributing to the slow adjustment that is reported here.
Furthermore, the weak correspondence between the 
observed and theoretical variables could be contributing to 
the controversy. Although the variables used here defined 
and measured similarly, at least for most industrialized 
nations, they can be considered only as lumpy proxies of 
true variables, which would be measured under ideal 
circumstances. Thus, the situation should be considered as a
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one where additional data, perhaps strong priors could be 
useful. For example, Juselius [1995] advocates assigning 
weights to price and interest rate differential to account 
for the effect of temporal aggregation and the weak match 
between the theoretical and observed variables. 
Nevertheless, the mere slow adjustment to UCIP should not 
overshadow the results here. First, and most importantly, 
the empirical evidence here confirms the validity of both 
PPP and UCIP. This should be perceived as a great 
improvement, given the dismal failure of early studies to 
support these parities.
Finally, comparing the confidence intervals for half- 
lives of PPP and UCIP indicates that they overlap. Bearing 
in mind the null of a unit root is rejected in both cases, 
standard distributions can be used for confidence intervals. 
For example, using the White's standard error estimates and 
the normal distribution, the upper-bound of 95 percent 
confidence interval for the half-life of a shock to PPP is 
4.9 years. Similarly, the lower-bound of 95 percent 
confidence interval for the half-life of a shock to UCIP is 
about 2.4 years. Thus, despite a smaller point estimate of 
adjustment rate, a shorter adjustment time to equilibrium in 
the capital markets is very possible as expected on 
theoretical grounds.
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- 0 . 0 6 2 7 - 2  . 9 2 6 3 * * * 1 0 . 7
- 0 . 0 7 1 9 - 2 . 8 4 1 2 * * * 9 . 3
- 0 . 2 8 8 4 - 7 . 0 0 4 8 * * *
Table 4.5- Tests for CRRR
Half-Lifemm-'""'" mmm"
3 ' ' e m : :
^  - 0 . 1 0 8 8
Results on the PPP-UCIP, combined parity, where 
interaction between the goods and capital markets are 
allowed, and CRRR are presented in Tables 4.4 and 4.5. The 
data again confirm the validity of these long-term 
equilibrium conditions. With respect to the rate of 
adjustment and the half-lives, findings are reasonable given 
the results on PPP and UCIP and the discussion above.
Comparing the critical values in Table 4.6 with the
values obtained setting p=-0.10 allows us to make power
comparisons of the tests. For all three models power of 
tests for PPP is equal to one even at the 1 percent level. 
Tests based on Models 1 and 2 consistently achieve higher 
powers than tests based on Model 5. However, this result is 
not surprising. The estimation of intercept terms in Model 5
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causes significant downward bias in the estimates of the 
coefficient p. This bias makes it difficult to distinguish a
unit root from stationary alternatives. This bias is below 
10 percent for PPP and above 10 percent for other parities. 
This explains the lower power of the tests on other parities 
in comparison to the power of the tests on PPP.
Table 4.6-Unit Root Tests Critical Values
MODEL 5
rrèS S M S D asoflyth i
1% a g a m  xo% 5% I* ailggi#
IS g lÊ B g  - 1 . 3 9  - 1 . 9 6  a g S g S g  - 7 . 4 3  S g g g g g g  - 6 . 4 1
KÏ - 1 . 3 9  - 1 . 9 1  # ] - 6 . 9 0  S I - 5 . 9 2
mm ## 1» "- 1 . 3 6  - 1 . 8 7  - 6 . 9 4  - 5 . 9 5- 1 . 9 0  - 6 . 9 1  se :-? 29f' - 5 . 9 4
C r i t i c a l  v a lu e s  a r e  o b t a in e d  w i t h  2 5 , 0 0 0  r e p l i c a t i o n s .
Table 4.7-Power of Unit Root Tests




; - 1 9 . 2 9
- 1 8 . 9 5
£ -18.44
- 1 7 . 8 8
- 1 6 . 8 7
- 1 6 . 6 4
- 1 6 . 1 5
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MODEL 2: p=-0.10, 5=0
PPP
- 1 9 . 6 6  
- 1 9 . 0 8
- 1 8 . 5 1
- 1 8 . 1 5
- 1 7 . 5 8
1 7 . 0 7
- 1 6 . 5 4
- 1 6 . 1 0
- 1 5 . 8 2
- 1 5 . 3 9
- 1 4 . 3 4
ppp-oci?
S - 7 . 2 4
- 6 . 3 3
- 5 . 8 1
5 . 5 9
- 5 . 1 2
- 4 . 6 3
-4-16
e - 3 . 4 8
- 2 . 9 1
2 0 . 7 3
- 1 9 . 5 9
1 9 . 0 0
- 1 8 . 6 9
1 8 . 1 7
- 1 7 . 5 6
7 . 5 6
■ - 1 7 . 0 0
1 6 . 4 5
- 1 6 . 1 8
1 5 . 6 4
- 1 4 . 9 4
- 7 . 2 4
■
œvïHiT
MODEL 5 :  p = - 0 . 1 0 ,  Tli.O V i
COMBINED
I
P o w e r p e r c e n t i l e s  a r e  o b t a in e d  w i t h  2 , 5 0 0  r e p l i c a t i o n s .
4.5. Conclusions
Early studies on PPP and UCIP, investigating these 
parities as exact relationships, found significant short-run 
violations. Although these parities perform poorly in the
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short-jrun, many economists have held the view that these 
parities had to work one way or another. Developments in 
standard time-series techniques such as unit root, 
cointegration test armed researchers with appropriate tools 
to study these parities as long-run relationships^. However, 
results obtained using data from the post Bretton Woods era 
failed to confirm the validity of these parities even as 
long-run relationships. One major problem in these studies 
is the low power property of the standard time-series 
procedures for testing unit roots and cointegration. 
Applying more powerful panel unit root procedures confirms 
the validity of both PPP and UCIP and other equilibrium 
conditions discussed in section (4.2). Hence, the lack of 
empirical support for PPP and UCIP in early time-series 
studies is likely to be the result of low power of the 
tests.
While the results overwhelmingly support all long-run 
equilibrium conditions discussed above, the adjustment rate 
for UCIP is estimated to be slower than for PPP. This, 
however, is likely to be the result of additional 
uncertainty incorporated in UCIP through S®(t) and poor 
correspondence between the observed and the theoretical 
variables. Additional data, such as strong priors and survey 
data on S®(t) or assigning weights to observed variables to 
compensate for the difference from theoretical variables
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could increase the adjustment rate sufficiently. Moreover, 
confidence intervals for half-lives of PPP and UCIP overlap, 
indicating a possible shorter adjustment time to UCIP. 
Finally, the mere fact that the tests decisively reject the 
existence of a unit root for each hypothesis verifies the 
strong belief held by many economists that these parities 
must work in the long-run.
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18. New Zealand
19. U.S.(the base country)









Chi-Squared(1)=0.879119 with Significance Level 0.34844312 








LM Test for Serial Correlation
Chi-Squared(l)=0.880185 with Significance Level 0.34815093 
Chi-Squared(2)=4.748744 with Significance Level 0.09307290
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Chi-Squared(1)=0.131917 with Significance Level 0.71645263 








LM Test for Serial Correlation
Chi-Squared(l)=0.884637 with Significance Level 0.34693465 
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3 0.36528
4 0.35472 
LM Test for Serial Correlation
0.44822 
0.46337
Chi-Squared(1)=0.097737 with Significance Level 0.75456265 








LM Test for Serial Correlation
Chi-Squared(1)=0.093834 with Significance Level 0.75935861 
Chi-Squared(2)=0.097644 with Significance Level 0.95235087 







LM Test for Serial Correlation
Chi-Squared(1)=3.983 892 with Significance Level 0.04593731 
Chi-Squared(2)=16.596896 with Significance Level 0.00024890
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UCIP Country Specific Intercepts, Lag = 2
LM Test for Serial Correlation
Chi-Squared(1)=0.528950 with Significance Level 0.46704876








LM Test for Serial Correlation
Chi-Squared(l)=0.100352 with Significance Level 0.75140717








LM Test for Serial Correlation
Chi-Squared(l)=0.074439 with Significance Level 0 .78497970
Chi-Squared(2)=0.062179 with Significance Level 0 .96938877
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LM Test for Serial Correlation
Chi-Squared(l)=2.748490 with Significance Level 0.09734635 
Chi-Squared(2)=11.162594 with Significance Level 0.00376768 
PPP-UCIP, Country Specific Intercepts, Lag = 1
LM Test for Serial Correlation
Chi-Squared(l)=0.105819 with Significance Level 0.74495563 








LM Test for Serial Correlation
Chi-Squared(l)=0.017 096 with Significance Level 0.89597272 
Chi-Squared(2)=0.128093 with Significance Level 0.93796125
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LM Test for Serial Correlation
Chi-Squared(l)=0.019368 with Significance Level 0.88931729
Chi-Squared(2)=0.138765 with Significance Level 0.93296976







LM Test for Serial Correlation
Chi-Squared(l)=0.0992 86 with Significance Level 0.75268814
Chi-Squared(2)=3.724505 with Significance Level 0.15532235
4.8. Endnotes
 ̂ See McCallum [1994] , for a summary and discussion of 
these estimates.
 ̂These countries are Sweden, Portugal and Spain.
 ̂ See Mark [1990] , Abuaf and Jorion [1990], Diebold, Husted 
and Rush [1991], Edison and Pauls [1993] .
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CHAPTER 5
CONCLUSIONS
This dissertation examines the empirical validity of 
alternative growth models and implications of the theory of 
purchasing power parity, interest rate parity and several 
other related parities in international finance. Recent 
techniques from the dynamic panel data literature, namely 
Levin and Lin panel unit root procedures are used in testing 
the validity of various hypotheses. The first two essays are 
an attempt to understand the empirical observations of 
persistent income disparities between the developed and the 
developing world. The last essay investigates whether 
movements in spot exchange rates adhere to equilibrium 
conditions implied by fundamentals such as differentials in 
interest rates, relative prices or inflation rates, at least 
in the long-run.
In a standard time series setting, convergence of 
incomes would imply a cointegration relationship. Similarly, 
whether spot rates deviate permanently from the underlying 
equilibrium conditions can be tested by utilizing typical 
cointegration or error correction methodologies. However, 
these techniques would be appropriate only for testing the 
convergence for a small number of countries. Likewise,
7 9
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whether the movements of spot rates are consistent with 
movements in fundamentals can easily be tested for a pair of 
currencies. Nonetheless, here we are concerned with the 
behavior of incomes and exchange rates across a large number 
of countries. Consequently, standard approaches would not be 
effective here. Moreover, since tests based on these 
techniques would have low power, the results would be biased 
against convergence, PPP, UCIP and other long-run 
equilibrium conditions that are tested here. However, 
pooling data over time and cross-section and examining 
whether the relevant variables, income differences, real 
exchange rates, etc., are mean reverting provides us with an 
appropriate and powerful tool.
In view of the inconclusive results from cross-country 
regressions and the weakness of the traditional time series 
approaches, we define convergence as mean reverting of 
income discrepancies. Using this definition, in Chapter 2, 
we test the existence of unit roots in income disparities 
between the benchmark country and the other countries in the 
sample, using three prototype models. The first model 
includes no deterministic variables, enabling us to test 
absolute convergence. The second and the third models 
include a common intercept, and individual specific 
intercepts, respectively. This formulation allow us to 
separate the deterministic and stochastic parts of income
80
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differences. Choosing the benchmark country as the strongest 
or the most productive country permits an approximate test 
of an in-sample common trend. If income differences from the 
richest country follow a positive trend, this would 
establish very strong evidence against convergence.
All three models for all samples provide evidence 
against the convergence hypothesis. The point estimates of 
the intercept term for Model 2 are -24.23 and -11.40 for 
OECD and INTER respectively. Thus, just looking at the 
deterministic part we would conclude that an average country 
in these samples is catching up. Nevertheless, we cannot 
reject the null of unit root for any of the samples, 
indicating the stochastic component separates the benchmark 
from the others. The intercept estimate for NONOIL and 
NONOECD are 0.86 and 179.06 respectively. Thus, Model 2 
provides very powerful manifestation against convergence 
within these samples.
Model 5 designation as well grants the separation of 
deterministic and stochastic components of income 
differences. However, the individual intercept estimates for 
all the samples are positive and sizable for most countries. 
Thus, findings in Chapter 2 reject both the absolute 
convergence and the convergence conditional on initial 
differences. Findings from Model 5 are of particular 
interest as Islam's findings suggest that differences in
81
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initial conditions are important enough to have significant 
impact on cross-country growth regularities. Here, incomes 
are found to be non-convergent even after accounting for 
initial differences.
In Chapter 3, we modify the null hypotheses for Models 
2 and 3, allowing a non-zero common intercept and country 
specific intercepts, respectively. With this modification, 
we are able to test the implications of endogenous growth 
models which foresees not only non-convergence of incomes 
but also different income and growth trend for each economy 
due to differences in government policies, preferences, and 
market structures. This qualification of the data generating 
process leads to asymptotically N(0,1) unit root t-ratios. 
We repeat the tests by dividing the sample period into the 
pre- and post-1973 periods. Finally, we test the convergence 
in log income differences for the full the sample period.
For Models 1 and 2 the convergence hypothesis is 
rejected for all the samples and the sub-sample periods. 
Using Model 5, however, we find that only the results for 
OECD are robust to the changes in the sample period. In 
particular, the null of no-convergence is rejected for the 
full sample and the both sub-sample periods. For INTER, 
NONOIL and NONOECD samples using the full sample period 
produces ambiguous results. Findings from the pre-1973 
sample provide strong support for convergence while the
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results from the post-1973 sample strongly reject it. Thus, 
the economic performance of the third world has apparently 
worsened relative to the first world in this period. Since 
the supply shocks have been important in the latter period, 
developing countries seem to have performed poorly in 
dealing with those shocks.
In the last essay, we study several important parities 
in international finance. In particular, defining these 
parities as the steady-state or long-run equilibrium 
conditions, we examine whether deviations from these 
underlying equilibrium conditions are permanent or 
transitory. This qualification allows us to employ the panel 
unit root procedures introduced in Chapter 2. Using these 
procedures in Chapter 4, we test both the absolute and the 
relative version of the purchasing power parity (PPP), the 
uncovered interest rate parity(UCIP) , a parity combining 
both PPP and UCIP (PPP-UCIP) , and the constancy of the real 
rate of return (CRRR) across the countries in the sample.
Applying Models 1, 2 and 5 of Chapter 2 we find strong 
evidence in favor of these parities. In particular, the null 
of unit root is rejected for the latter three parities using 
all three models. Model 5 providing the highest speed of 
adjustment in each case. For PPP the null of unit root 
cannot be rejected for Models 1 and 2. This result, however, 
is not surprising given the weak conformity between the
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theoretical and observed prices. Results from Model 5, 
nonetheless, furnish a strong evidence that real exchange 
rates are mean reverting, with an annual adjustment rate of 
almost 21 percent.
Next, turning to RPPP, we use only Model 1 in testing 
its empirical validity, since deriving RPPP from all three 
models of PPP reduces to Model 1. The findings submit a 
powerful evidence in favor of RPPP. A record adjustment rate 
of 0.75 per annum indicates a half life of only six months 
for a random shock to the parity. In view of the lack of 
support for PPP and UCIP in early studies, panel results 
ought to be conceived as a great improvement. Results, here, 
also attest that the lack of support in studies using 
standard time series procedures is likely the result of poor 
power properties of those tests.
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